Objective: Measuring blood flow using a special form of color Doppler ultrasonography can help radiologists to identify the stages of development of organs, such as the uterus and ovary. The aim of this study was to determine the relationship between arterial blood flow to the uterus and ovaries at different stages of puberty. Materials and Methods: Sixty girls referred to the Children's Medical Center in Tehran for the evaluation of pubertal stages were included in the study. They were divided into three subgroups: girls without primary puberty signs (n = 20); girls with these puberty signs but without the beginning of menstruation (n = 20); and girls with signs of puberty and menstruation (n = 20). Uterus and ovary volumes were measured with the use of a 3.5-MHz convex transducer (Logic 500 Pro; General Electric, Milwaukee, WI, USA) and Doppler flow measurements of the uterine vessels were performed transabdominally with a 3.5-MHz color Doppler system (AU4 Idea; Esaote Biomedica, Genoa, Italy). Results: We found no significant differences between the groups in terms of either resistance index or pulsatility index of the right ovary, left ovary or uterus. However, there were relationships between the volume of the uterus and pubertal stages, and also between the volume of the ovaries and these stages. Conclusion: Uterine and ovarian arterial blood flow, measured by Doppler sonography, was not useful for the evaluation of pubertal stages. However, it should be investigated with a greater sample size. [Taiwan J Obstet Gynecol 2008;47(1):62-65] 
Introduction
Measuring blood flow using a special form of color Doppler ultrasonography (CDS) can help radiologists to identify the stages of organ development and also life-threatening complications in serious diseases. Researchers have used CDS in preference to other ultrasound procedures, because it shows the presence or absence of blood flow in the organs, and whether or not that flow is normal, increased or absent. CDS is also noninvasive and free of ionizing radiation.
In clinical practice, assessment of reproductive organs and pubertal stages in the individual child is extremely useful [1] . This technique can present highresolution images of these organs in the female and allow the analysis of blood flow in their vessels [2] . By this technique, the evaluation of cyclic hormonal variations and subsequent ovarian and endometrial neoangiogenesis leading to significant changes in vascular patterns can be noninvasively studied [3] .
The evaluation of pubertal stages by CDS has been performed in several previous studies, but there are few studies in our country concerning the role of this technique in the evaluation of pubertal stages. The aim of this study was to determine the relationship between arterial blood flow in the uterus and ovaries at different stages of puberty in girls referred to the Children's Medical Center in Tehran.
Doppler Sonography and Puberty

Materials and Methods
Study population
The study protocol was in accordance with the Helsinki II declaration and was approved by the Hospital Research Review Committee. Sixty girls referred to the Children's Medical Center in Tehran for the evaluation of pubertal stages between January 2006 and July 2006 were included. The girls participated in the study after both informed consent from parents and agreement from the minors had been obtained. Patients with chronic disease, including Cushing's syndrome, hyperprolactinemia, ovarian cysts (> 10 mm in maximum diameter) and polycystic ovaries (> five subcortical follicles 2-10 mm in maximum diameter, increased ovarian volume and increased ovarian stroma echogenicity), were excluded. Cases of GnRH-independent puberty (i.e. hypo-/hyperthyroidism, sex steroid-secreting tumors, congenital adrenal hyperplasia) were also excluded. No patients had received hormonal therapy before the study.
The pubertal development of all girls was staged by a single examiner, according to the classification of Tanner and Marshall et al [4, 5] . On the basis of these stages, the girls were divided into three subgroups: girls without primary puberty signs (T 1 ); girls with these puberty signs but without the beginning of menstruation (T 2 , T 3 ); and girls with the signs of puberty and menstruation (T 4 , T 5 ). Each subgroup included 20 girls.
Ultrasound and Doppler examination
Uterine and ovarian sonographic examinations were performed with the use of a 3.5-MHz convex transducer (Logic 500 Pro; General Electric, Milwaukee, WI, USA). The ultrasound scans were performed transabdominally when the participants had a full bladder, obtained by voluntary urinary retention and oral administration of fluids. Uterine and ovarian volumes were calculated by measuring length, width and depth, assuming the forms to be ellipsoid, and using the formula based on a prolate ellipsoid:
where D1, D2, and D3 are the maximal longitudinal, anteroposterior and transverse diameters, respectively.
Doppler flow measurements of the uterine vessels were performed transabdominally with a 3.5-MHz color Doppler system (AU4 Idea; Esaote Biomedica, Genoa, Italy). All the patients were in a recumbent position and were evaluated between 8:00 and 11:00 am to exclude the effects of circadian rhythmicity on utero-ovarian blood flow [6] . Furthermore, they rested in a waiting room for at least 15 minutes before being scanned, to minimize external effects on pelvic blood flow [7] . A 50-Hz filter was used to eliminate low frequency signals originating from vessel wall movements. Color flow images of the ascending branches of the uterine arteries were sampled lateral to the cervix in a longitudinal plane [8] . The angle of insonation was always adjusted to obtain maximum color intensity. When good signals were obtained, blood flow velocity waveforms were recorded by placing the sample volume across the vessel and activating the pulsed Doppler mode.
The blood flow velocity spectrum pattern was retrospectively analyzed at the following points: peak systolic (S); at the notch in early diastole (N); peak diastolic (D); and end-diastolic (ED) blood velocity. The time-averaged mean velocities of three even blood velocity waveforms were recorded; the pulsatility index (PI; PI = S − ED/mean velocity) was calculated according to Gosling et al [9] and the resistance index (RI; RI = (S − ED)/S) calculated according to Pourcelot [10] . Increased uterine artery vascular impedance was defined as PI of > 1.20 according to Hofstaetter et al [11] .
Statistical analysis
Data are presented as mean ± standard deviation. Statistical analysis (SPSS software; SPSS Inc., Chicago, IL, USA) was performed using one-way analysis of variance. A p value of less than 0.05 was considered as statistically significant.
Results
The mean age of the girls in the three groups were 8.44 ± 1.98 years in girls with stage (T 1 ), 10.8 ± 1.39 years in girls with stage (T 2 , T 3 ), and 13.5 ± 1.95 years in girls with stage (T 4 , T 5 ). We found no significant differences in either RI or PI for the right ovary, left ovary, or uterus between the three groups (Table 1) . However, there were relationships between the volume of the uterus and Tanner stages, and also between the volumes of the two ovaries and these stages ( Table 2) .
Discussion
There was similarity between the mean age of puberty onset in our study and other large studies [12] [13] [14] [15] . Also, according to a similar study in Tehran by RazzaghyAzar et al, the median age of Tanner stage 2 breast development and Tanner stage 2 pubic hair growth amongst 1,136 girls was 9.74 years and 10.49 years, respectively. In their study, the median age of menarche in 399 girls was also 12.68 years [16] . Mean age at menarche was 12.91 ± 1.23 years [17] , which was similar to our study results.
However, genetic factors, intrauterine growth retardation, nutritional status, adoption and its growth patterns, as well as environmental exposures and psychologic stress, have all been hypothesized to trigger the timing of puberty [18] .
We also found a positive relationship between increases in uterus and ovary volumes and pubertal development. In a study by Buzi et al [19] in normal girls, uterus length increased with age, although no cut-off values could be defined between different age ranges. Also in their study, ovarian volume was significantly greater in pubertal girls with Tanner breast stage 2 than in those with only pubic and/or axillary hair [19] . Also, in a study by Griffin et al, ovarian volume increased exponentially with age, but no relationship with pubertal stage (independent of age) could be demonstrated [20] . In a study by Seth et al [21] , statistically significant increases in uterine height and ovarian volume were observed with progressive pubertal stages. The maximum increase in uterine height was observed during the transition from Tanner stage 2 to stage 3. The ovarian volume, after showing an initial increase, tended to plateau, and there was no significant increase from stage 4 to stage 5 [21] ; whereas in our study, the ovarian and uterine volumes increased continuously from Tanner stages 1 to 5. It has been indicated that the pelvic ultrasound parameters change progressively from birth to maturity. Pelvic ultrasound variables reach adult values during puberty, with differences in the timing that may reflect ethnic variations [19] .
In our study, we found no significant relationship between increases in both RI and PI and pubertal stages. In the study by Laursen et al [22] , a significant increase in uterine artery flow velocity during puberty was found, with an increase in average velocity from Tanner breast stages 1 and 2 to 5, followed by a slight decrease in adults. Also, the PI was similar in breast stage 1, stage 2, and in adults. Furthermore, a significant decline in vascular resistance, expressed by the PI, was observed in the mid-pubertal period, reflecting increasing blood flow to the rapidly growing uterus [22] . However, in a study by Ziereisen et al, a progressive modification of the Doppler signal pattern of the uterine artery during the establishment of puberty was observed [23] . Of course, several studies have demonstrated that the measures of PI and RI in the uterus and ovaries were different in the various stages of the menstrual cycle [24, 25] , and we did not consider this relationship in our study.
In conclusion, according to our study results, there are relationships between the volumes of both the uterus and ovaries and pubertal stages, but no relationship between either the RI or PI of these organs and pubertal stages was observed. Our study indicates that uterine and ovarian arterial blood flow, measured by Doppler sonography, is not useful for the evaluation of pubertal stages in our population. However, more studies with a greater sample size should be done in the future. 
